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Outline

• Foreground contamination of CMB observables


• Modelling of small scales temperature and polarisation anistropies


• Component separation methods
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Foregrounds contamination
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Foregrounds contamination
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Modelling of small scales anisotropies - ACT-DR6
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𝒟th.
ℓ = 𝒟CMB

ℓ + 𝒟ℓ
foregrounds

Modelling of small scales anisotropies - ACT-DR6
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dust,TT

Modelling of small scales anisotropies - ACT-DR6
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𝒟ℓ
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CIB−p + 𝒟ℓ

tSZ×CIB + 𝒟ℓ
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dust,TT

𝒟TiTj
ℓ,tSZ = atSZ𝒟tSZ

ℓ,ℓ0 [ ℓ
ℓ0 ]

αtSZ ftSZ(νi)ftSZ(νj)
f 2
tSZ(ν0)

Thermal Sunyaev-Zel’dovich effect 
• Inverse Compton Scattering of CMB photons by hot 
electrons in clusters

[BB et al. 2506.06274]

Modelling of small scales anisotropies - ACT-DR6
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𝒟ℓ
fgs.,TT = 𝒟ℓ

tSZ + 𝒟ℓ
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CIB−p + 𝒟ℓ
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dust,TT

𝒟TiTj
ℓ,CIB−c = ac𝒟CIB−c

ℓ,ℓ0

μ(νi; βc, Td)μ(νj; βc, Td)
μ2(ν0; βc, Td)

Clustered Cosmic Infrared Background 
•Redshifted thermal dust emission from distant galaxies.
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𝒟ℓ
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𝒟ℓ
fgs.,TT = 𝒟ℓ
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CIB−c + 𝒟ℓ
CIB−p + 𝒟ℓ

tSZ×CIB + 𝒟ℓ
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dust,TT

𝒟TiTj
ℓ,tSZ×CIB = − ξyc acatSZ𝒟tSZ×CIB

ℓ,ℓ0

CIBxtSZ correlation 
• tSZ and clustered CIB are sourced by the same clusters
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𝒟ℓ
fgs.,TT = 𝒟ℓ

tSZ + 𝒟ℓ
kSZ + 𝒟ℓ

CIB−c + 𝒟ℓ
CIB−p + 𝒟ℓ

tSZ×CIB + 𝒟ℓ
radio,TT + 𝒟ℓ

dust,TT

𝒟XiYj
ℓ,radio = aXY

s [ ℓ(ℓ + 1)
ℓ0(ℓ0 + 1) ] [

g(νi)g(νj)
g2(ν0) ] [

νiνj

ν2
0 ]

βs+2

Poisson distributed Radio Galaxies 
•Synchrotron emission from distant radio galaxies

[BB et al. 2506.06274]

Modelling of small scales anisotropies - ACT-DR6

Benjamin Beringue, APC - CosmoForward 2026



16

𝒟ℓ
fgs.,TT = 𝒟ℓ

tSZ + 𝒟ℓ
kSZ + 𝒟ℓ

CIB−c + 𝒟ℓ
CIB−p + 𝒟ℓ

tSZ×CIB + 𝒟ℓ
radio,TT + 𝒟ℓ

dust,TT

𝒟TiTj
ℓ,g = aTT
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αTT
g μ(νi; βd, Teff

d )μ(νj; βd, Teff
d )

μ2(ν0; βd, Teff
d )

Residual galactic dust emission  
•Thermal emission from galactic dust in the ACT 
footprint

[BB et al. 2506.06274]
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𝒟ℓ
fgs.,TT = 𝒟ℓ

tSZ + 𝒟ℓ
kSZ + 𝒟ℓ

CIB−c + 𝒟ℓ
CIB−p + 𝒟ℓ

tSZ×CIB + 𝒟ℓ
radio,TT + 𝒟ℓ

dust,TT

𝒟ℓ
fgs.,EE = 𝒟ℓ

radio,EE + 𝒟ℓ
dust,EE

𝒟ℓ
fgs.,TE = 𝒟ℓ

radio,TE + 𝒟ℓ
dust,TE

14 parameters

[BB et al. 2506.06274]
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ACT-DR6 foreground modelling
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ACT-DR6 foreground modelling
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66 67

H0

AGORA tSZ £ Radio, ªyc = 0

AGORA tSZ £ Radio

AGORA CIB £ Radio, ªyc = 0

AGORA CIB £ Radio

AGORA tSZ £ CIB, Broad ªyc prior

Broad ªyc prior

AGORA tSZ £ CIB
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ØT
s 6= ØE
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Øc 6= Øp, Td = 25

Td = 25

Øc 6= Øp

Radio Decorrelation

CIB Decorrelation

Marginalize over ÆTE/EE
g

ÆtSZ = 0

Baseline

0.02250 0.02275

≠bh2
0.1225 0.1250

≠ch2
3.04 3.06

ln 1010As

0.96 0.97

ns

0.055 0.060

ø

•Tested ~20 fg model 
extensions and assessed 
the impact on 
cosmological parameters.


•All changes below .


•No preference for any 
other model with ACT-DR6 
data.

0.1σ
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𝒟TiTj
ℓ,tSZ = atSZ𝒟tSZ

ℓ,ℓ0 [ ℓ
ℓ0 ]

αtSZ ftSZ(νi)ftSZ(νj)
f 2
tSZ(ν0)

• Introduced new parameter :  that 
empirically captures the scale dependence 
of the tSZ signal. 


•Proxy for AGN temperature (in AGORA 
simulations). [Omori 2023].

αtSZ
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•  shift in cosmological parameters 
when . 
> 0.5σ

αtSZ = 0
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Component separation
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Component separation
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d = A ⋅ s + n
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Component separation
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Component separation - Internal Linear Combination (ILC)
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s̃ = f(d) = w ⋅ d
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Component separation - Internal Linear Combination (ILC)
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s̃ = f(d) = w ⋅ d
⋅ w1

⋅ w2

⋅ w3

⋅ w4

∑
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Component separation - Internal Linear Combination (ILC)
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s̃ = f(d) = w ⋅ d

R̂ =
1
n ∑ ⟨dd†⟩

̂sILC has minimum variance.
wT ⋅ a = 1 wT =

aTR̂−1

aTR̂−1a
Delabrouille et al. 2008 
Planck 2018 results. IV, 2020 
McCarthy et al. 2024 (pyILC) 
…
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Component separation - Internal Linear Combination (ILC)
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s̃ = f(d) = w ⋅ d

R̂ =
1
n ∑ ⟨dd†⟩

̂sILC has minimum variance.
wT ⋅ a = 1 wT =

(bTR̂−1b) aTR̂−1 − (aTR̂−1b) bTR̂−1

(aTR̂−1a) (bTR̂−1b) − (aTR̂−1b)
2

Delabrouille et al. 2008 
Planck 2018 results. IV, 2020 
McCarthy et al. 2024 (pyILC) 
Remazeilles et al. 2010

wT ⋅ b = 0
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Component separation: Needlet ILC

What are needlets ?

⚙ Alternative basis for projecting signals

⚙ Localized in both real and harmonic domain

From [Planck iv 2018]

Coulton et al (ACT Collaboration) [to 
appear this week]

6
30

Coulton et al. (ACT-DR6) (2023)

Component separation - Internal Linear Combination (ILC)
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Component separation - SO-SATs pipelines
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Three main pipelines are developed in SO:

• Cross-  pipeline (Soopercool): multi-frequency, 
power spectrum-based component separation 
method →baseline BICEP/Keck

• Map-based pipeline (Megatop): multi-frequency, map-
based component separation method → validated by 
BICEP/Keck 2018 + Planck reanalysis

• Needlet-ILC pipeline: needlet domain internal linear 
combination methods. 

These pipelines combine parametric and non-
parametric component separation at both map and 
power spectrum levels, and each addresses filtering 
and masking biases in different ways.

CℓWolz et al. (2023)
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Component separation - SO-SATs pipelines
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Component separation - SO-SATs pipelines
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Component separation - SO-SATs pipelines
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Component separation - SO-SATs pipelines
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Component separation - SO-SATs pipelines
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Component separation - SO-SATs pipelines
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Component separation - SO-SATs pipelines
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Conclusion

• Still heavily rely on modelling of the foregrounds ! 


• Large scales polarisation are the most affected by foreground 
modelling errors.


• Interplay with instrumental systematics is vastly unexplored.


• Need to build models informed by astrophysics.

Benjamin Beringue, APC - CosmoForward 2026
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Thanks a lot !

beringue@apc.in2p3.fr 
      beringueb 

Credit : ESA and the Planck Collaboration

SciPo

Science from the large scale cosmic 
microwave background polarization structure40
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Constraints on tSZ spectrum
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•  detected at  in P-ACT: 
.


•Higher AGN temperature than 
expected from AGORA/BAHAMAS 
simulations.


•Show sensitivity of multi-
frequencies CMB data to tSZ 
modelling. 

αtSZ 3σ
αtSZ = − 0.6 ± 0.2



Constraints on tSZ spectrum
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modelling. 

αtSZ 3σ
αtSZ = − 0.6 ± 0.2
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H0

CO £ CO, fid. LF, vary amp.

CO £ CO, fid. LF

CO £ CIB, shallow LF, vary amp.

CO £ CIB, steep LF, vary amp.

CO £ CIB, fid. LF, vary amp.

CO £ CIB, shallow LF

CO £ CIB, steep LF

CO £ CIB, fid. LF

Baseline

0.0224 0.0226

≠bh2
0.1225 0.1250

≠ch2
3.04 3.06

ln 1010As

0.96 0.97

ns

0.055 0.060

ø

2 3

aTT
s

CO £ CO, fid. LF, vary amp.

CO £ CO, fid. LF

CO £ CIB, shallow LF, vary amp.

CO £ CIB, steep LF, vary amp.

CO £ CIB, fid. LF, vary amp.

CO £ CIB, shallow LF

CO £ CIB, steep LF

CO £ CIB, fid. LF

Baseline

0.00 0.02

aEE
s
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aTE
s
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Øs
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atSZ

CO £ CO, fid. LF, vary amp.

CO £ CO, fid. LF

CO £ CIB, shallow LF, vary amp.

CO £ CIB, steep LF, vary amp.

CO £ CIB, fid. LF, vary amp.

CO £ CIB, shallow LF

CO £ CIB, steep LF

CO £ CIB, fid. LF
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